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AbBlniCtof JP60Q5548 
PURPOSE:To mak* 9n etching confiQUraiion 
vertical to a sample and to reduo* dacnaga to 
the sample l^y arranging the sempto In a 
cantral axial Interfnadiale port of « oqR group 
and by arrangiftg an auxiliary coil 
concentricaliy mih tha coil group in an ar«a 
naar the coil group lo change profile of a 
magneUc fieW. CONSTITUTIONiA sample 
substrate 3 i$ arrangad in a central axial 
intwmediate part of magnetic coils 6, 6 and an 
auxiliary cxni 7 is arranged concenwicaily with 
ttia magnetic coils 9, 6 inside the magnstic 
coils 6. 6. Magnetic fiald prone generated by 
the magnetic o«ts 6, 6 is changed t>y the 
auxiliary eeil. That is, direction of magnetic 
toroe una trow an ECR surface to the sample 
suiffifrate 3 is made uniform to control 
mevemant direction of ion vertically to «ie 
aample substrate 3. Thereby, it is possible to 
maintain etching performance such as high 
etching velocity and high selectivity, to malce 
etching oonfiguraGon vertical to the sample 
svbstrate 3 and.to reduce damage to the 
sample subetnite 3, 
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(54) ECR ETCHING DEVICE 

(Abstract: 



fK/RPOSE: To make an ekhing cortRgurs^ m^to a sarr^ 
^f.. andtofeduce<lamagetothesamplebyair9n^thesampleha 
cer»^ axial kri&mediate part of a ooS andtyensnghg an 
auxSiary aoa concentrk:aay vriSittieooS gtiMp hi an araa near ff>e coff 
gmup to cttange pro/^fe cfa magnett fbki. 

CONSTTTUnON: A sample substrate 3 1$ ananged iri a central axial 
OTtemiediate part Of magnate coHs 6, 6 and an auxiliary coil? is 
mangedooncerAfica^wmUie magnet coSs 6, BhsideUie 
ma^mtic ooils 6, 6. Magnetic field pPofSe generated by the magnetic 
cote 6, 6 is changed by the auxiliary coil. ThaOs, dffectionof 
magnetic force Une 1mm an ECR surface to the sample substrate 3 is 
rnacfeuniiamtooonMntovenrmtdirecajncfionverVce^tothe 
sample subsb^ 3- Thereby It is possS)le to maintain etchhg 
pefltmmod such as high etching velocity and high selectivity, to 
mahBetchingconf^jur9tionverik!alloiheaample$ubstrBte 
reducedarrKigetothesarTplesabstfBto^L . 
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JPO sndlNPITaiB not resporaUbfe Ibrany damages caused by #» use of this translstion. 

1. Thisclocummit has baentm)SlagBdt>y computer. SoffietrsaTsiatlonmaynotrellecttheoi^k^ 

2. ****shoimth9ywPdwhkiiGannott)etransl3m(i 

3Jnth9drBwings,anywoftbar9nat^snslate^ ' 



CLAIMS 



[Qgim 1JA magnetic field generating means which generatss a magnetic field by sendaig current through a 
unSormOrecSon at at least one pair of niagn^ coif groups ins^ Have an eleciric field 

generating rnesHisvfM:hintnxluoesmiatweva in a magneto 

Held generating mean^ and genera an elecbicfield. and by the atjove^ntioned magnetic field generataig 
means. By an interaction of a magneScSeldtogenei^eandanelectriG field generated by the above^nemKined 
electricfigldgeneratkigrneans.inanECR0lchingdeviGeviM:hper1^ 

sample with ion in raw gas plasma-aed using a electron cycWrw? reaorrance phenomenon toprodace, An eCR 
etctiing device wtnch the above-rrientionedsarrv>le is 

magr^ coff c^er<f^oup shaft orientsm^ and fomts an awcBary magnet to which a pra»e of a magnetic 
field which is allocated in this magnetic coH group and the same mind neartheabov^^nentionedmagneHo coH 
gmup, and is generated by the above-mentioned magnetic field genereting means is changed, and is 
(^aracterrzed by Giings. 



DCTAILED D^CRIfmON 



[Detailed Description of the InvernionJ 

POOIJ ■ . 

pndustpalApplicationJT^ invention relales to an EC^ and relatestotheECR^cNng device 

used fdrmanufecture of LSI eta in detat. 
IP002J 

tDescrptionotthePriorAr^lnrecentyears,innianukKAirecfLSle^. the ECRetchkrg process method which is 
a lithography technology by a plasma reaction is used widely. The b:r etching device which performs an 
etching process, By the magneliG field and microwave^ An etching process is performed by ir^ 
subsbste with the ion in the rawgasplasma-ized using the efec*ori cydotion rasonanoe (Bedmn Cyclotron 
Resonance, ECR) phenomenon produced by an iitefactlonwilh the feeble fiekl to gener^. TherrMio 
(Sagram and draw6TQ6 in which the outBne composition in an example ofECR etching device A of the fonner 
[ ttavmaSI is shorn are an exf^natory view shom^ the »]e<fmagnetfc>foroe prof^ In ECR e^ing device A 
eta As shown in drawing 5. in the conventional device A microwave is introduced into the vacuum housing 4 into 

^e sample swi»sfrate 3 went fiom the miavwave hbockicing vrndow 2 whiOi is o&^ed from the 
microwave osdHatorwhich is not Slustrated and consists of quartz 0ass plates via the waveguide t Raw gas is 
Modixed Mo the vacuum housing 4 fiom the raw gas ^edport 5. A rrmor magnetic ^ is avpres^ in ff>e 
vacuum houalhg 4 by sending cunentthmugh the megneSc coSs$andS arranged so that this maybe 
gi^mundedaroimdthevaajumhoa^4inai»^ormc»ecScm.Asniic^^ 

generally InduslriaHiequerjcy Is used, Therelbre, the magnetic field intensity (magnetic flux den^) which fuflSIs 
ECRcondUonsiss^lo 875G (gauss), andmneldaf.S75Gtumsiraoan ECR surface where the maximum 
plasma density is obtained Usually, in this kind of ECR etching devk» A asahownindtamo^, microwave Is 
htrodut^ fiom the high magnetic field side. That is, mfcrawave IS spread f^ 

intensity islargerthan 875G, and plasma absorption is carried out in &te place used as S7SG. Then, theeleaimn 

(e-)bywnk:hitwasgeneraledrotatestomedrcumteiWKxoftherightatrigmans^toamagneticn^^ 

exercises in the direction of a Ihe of magnetic force When an emission magnetic fiefd as shown m sio m^ fs 

used, an electron (e') coSs around a line of magnetic force, it exerc^ for an obBque dkecSon, andion(*) 

ex&lx^sinmedh^st^tjftheaiitiBlv^cx^.Fkjrthis/B^^ 

sewf^tian Of plasma whidh an electron (9-) and kxi(+) leave as ksepa^ 

(ECR surface), and plasma is spread wm an ExB drift Thervlbm.it is insd^ 
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magnetic Held intend musing the charged particle fion M and eSedmn (e')) m pfaanwjf ™" fiy ite 8bo^ 
mentioned emission magneto mi \fl4jichbec^^ 

iBwfmm the ECRsuf^oe and has been arranged The etching process of the samfilesubst^ 3 is perfonned 
by this exposure, Inthiscase, since elecmchatgepm^ are diinjsedfsy an erivssionrnagn^md, theion 
energy and the ion densty which enter into the sample substrate 3 become small, and a high etch rate is not 
obtained For this reason, the art whKh raises an Urates publicly Im^ 

sample table with viM!h the sample substrate 3 m laid, andgiinngaDCblas(JP.6(yi34423.A). Thesedays. on 
ECRsurfaceistbrniednearthesampletable. and what was made to perform an elchhg process is developed, 
witfiout impressing high »equencytoasamptetabie(JP,3'259517.A). 



^^lem(s)tobeSolvedbythelnvefaionpi»follof^ 
device A which was described above. ^ 
*'Sincetheemissionrrw0teticfiekJisused,alineOfmagneticfa^ 
the whole sample substrate, but the side effachrnentwaSetohed in san^jle substrate 3 peiphe^ 
Namely, sincethernovement directions oFan election <e-} and km (+}t^^ . 
disonieraccordingtochargeseparationofplasmaoccurs^themovernentdireak^ 
andanetchingconrigurationmayseryeasabacktaper(phenontenonhwhk!hm 
becor7iesthhfromtheupperpartoftheetchedpatiam).byit(rBfertod!^^ 

**ln Older to compensate the fall of the ^ rate by using an ennssion magnetic mj, in the thing impresses hi^ 
frequency to a sample table and he is trying to raise an etch rate, there is a tendency for the selection rBtio of 
Aching olyects, such aspotysHicon. endgrounds, such as silicon oxide (Si02), to become smaH. For this reason. 

itisdilficulttopiocessanetchingotjfectselectively. ^ 

**ln whatlarmedthe 5CR surface in dboUtthree sample substrate, although a high etch rate and a high 
selection rafib we oMBinBd, an ECRsuimce may shift to the high magnetic f^ or lower field side by movement 
ijftheelectron(e)inplasma. Vjerefoie. change ofthe etch rate by gap oTthe slight positkjn of the ^ 
si^istrate 3 is large, and tendstoppoducetheproblBmcfreprodudbSfy, ftferowaw reached to the sample 
substrates, heat by microwave of the sample substrate 3 was carried atd. and there was a possibility cf giving a 
c/amage to tfie sarnp/e wftstafe 3 - ^leafing cf lite san?ote 
rsc^ving a damage. 

Impiovffig an ECR etching device andmaimahing etchkig perfdmiances, such as a high etch rate andahig^ 
selection ratio, in order that this hvention may solve the techraoal problem in such a Prior art n aims at prwiding 
the ECR etching device which can mal9 an etching configure vertic^ and can reduce the 

damsgetoasamf^ 

p004l ■ . . 

means for Sotv'mgthe PnjblemJTo achieve the above ol^ a magneticneldgBnerBting means which 
generates a magn^ field when this invention sends curmntthroUgh a unllimdkei^ of 
magnetic coH groups Installed side by side. Have an eleclilc field generating means v/hichm)duce$ micros 
in a rnagnelicfleld generated tjythe above-mentioned magnetictleld generating me and generates an 
electicfieki andbytheabov^mentionedmagneticfieldgenerBlingmeans. By an interaction of a magnetic neld 
to generSteandaneteclrkineldgeneratedbytheabov&^nentlonedelectric field generating means. In an ECR 
etching device which performs an etching process by irradiaeng a sample with ion in raw gas plasma-ized using 
a atecfrof? cyclotron resonance phenomenon to produce, Arrange the above^mermned sample to pars 
intermedia of the above-mentioned magnetfocoicenlBr-of^nxip shaft orientations, and It is constituted as an 
ECR miing device which forms an auxiliary magnet to which a pmtHe cfa magnetic field whk^ is eUPca^m 
thismagnetic cof group andthe same mindnearthe above-mentioned magneHc coH group, andb generated by 
the ebove-mentioned nrtagnetie field generating means is changed, and is characterized by things. 

IFunctionJAccoiding to this invention, a sample is ananged intheparskitennedia ofthemagneSc coS center-af- 
gmup^orien^^svAiidiconsmeamagneBcfi^generatirigmeans. and an auxil^ magnet is alhx^ed 
in this COS group and the same mind nearihe above-mentioned coH group, andthepraf^ of the magn^ field 
generated by the etxjv^*Ti^n»xiedauxiliavma^ '« 
changed.Thatis,thedirectionofthelineafmagneticforuefmmanEC^ 
andthemoverrmni&ectionofioncanbeperpencScularlyconlmlledto^ 
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theECRetchingdevKOvi^nchcanmakBanelchi^ 
Ciamagetoasmtplecanbeoimied,mahteining0tchi^ 

[00063 

(BompteJIt ecplains herealterper [which materiaTaed this invention with rsference to the accompanying 
drawing] example, and an undarstanding of this invention ispiBsentBd. The fbUomng examples are ^^n^jes 
which matarialized this invention, andarenotthe things oTthe charaderwhich limits the technical scope oFthis 
hwetftion Tj^0xplanatOfyviewand^MX!m3Jnwhicharnagtietictieldprom[in/^ 

nSkwSSonissham/ECRelohlngdsvloaA'J^. are shown here the etching conf^uration of the sample 

substrate tjyECR etching device A'. The aecHon enlarged drawing and^ama±wtvc^ are shown showthe 

rrmeticdiagramshowingtheoutllnecompositionofB:^ 

invention. The same nurnerals are laedfyr the elemant which is conmnortl^ 

outline compo^ /n an example of the conventional ECR Aching device A shown In saidOSSSmS- ^ 

h drawinal. ECR etching device A' concerning this example. Jhepoint.pfovkJedwththemicrc^/yaf^^cl^ 

(un^istfBting), the waveguide 1 and the miavwave introducing window 2 equivalent to an electncneld 

generating means, the vacuum housing 4 into which the sample sutjstrate 3 equivalent to a sample w^ ptrf, the 

fawgas1eedportQ,andthe magnetic ooHsBande equivalent to a magnetic fefcf generating means Is the same 

as fliaf of a conventional example, hlawever, m this example, arrange the sample substrUe 3 to the pars 

intsnnedia of the axis diretiion of the magnetic coils6and6, and. The auxiliary coS 7 (equivalent to an auxiliaiy 

magn^ te aSbcafed A7S*te the magnetiocoHs 6 and 6^ the magnetic coHs 6 and 6 and the same mind, and it 

tfff^lhxnaoonventionalexampleinthatthemagneticlieldprom 

changedwmtheau)mrcoil7JnUvsexample.amainfy(^^ 

explamed.andsinceltisastheprBviousslatementat)outthesamep^ 

dXtiledexplanationbomitled. HereaHsr, opetBSon ofetcNng device A concerning this example rsexpl^ A 
,mformagnetlcfieldisimprBSS9dlnthevacuumhousing4t^sendlng1heexcK^ 
direction through the magnetic GoUs 6 and 6 ls:st. lfthesamplesubsirale3isanangadtofhepai9rnlBnnedraof 
theaxisdire(^ofthemagnetiGooSs6and6, the uniiorm magnetite field of (gauss) wSbel^^ 
the sample sut/strate 3. Atesft an afsouttwo^nicrowaveinlmducing window magnetiG field rsn^ 
8Z5Gbyenergizhg to the auxiliary coil 7. At this time, miaowaveisintroduoedin the vacuum housmg 4tromthe 
high magnetiomi side, as shorn hd[a!!m2Z and ispreadsthemide of plasma bythewhistlerwave 
transmHtadin parallel wm a magnetic field. Andihehigh density plasma in which miamiave is oof rmedsdj 
formd. r^armly, by generating plasma m the place (ECR surface) where magnetic field intensity became 5^ 
and forming a vertical and unHbrm line of magnetic me to the sample substrate 3 by the microwave introduced 
1hmthehighmagneiktneldside,f^anECR9urfacetothesamplesubstrate3, The electronic (e')mcv&7ma 
(&e(mandmmovemeril(mdioncficn(*)Ganbeafranged. Therefore, charge s^>aration^pl^a[ as/ in 
a conventional example] doesnotproduoBthedsorderedelectriGneldwhich^ 
gerieraledwiththelineofmagn^lmafchargesepamlionofplasmaa^ 

the ion (*} which had a vertical movement ingredientto the sample substrate 3 can be generated so much. Ma 
result, also ffi the state where the sample substrate 3 kept away from the ECR surf^ and has been arranged, 
the etching process of etching objects (pdysiScon etej can be perfomied with a h^ etch rate. 
fOoanSince a hi^ etch rate is obtained as selection ratios (silicon oxide etc.) for a ground even If It does not 
impress high frequency to a sample table, a hi^ selection ratio is obtained. Since ion (+> enters verO^By over 
the 3rd page Of the whole sample substrate to the sample substrate 3 with a vertical line of magnetic force. 
verticaletcNngasShownind[Si!!MI.O^tf^sarnplesu^ 

sidewallincSninginsample substrate 3 periphery. the sample substrate 3te sef^r^tfcm J© eCR 

suffece. the damage tothe sample substrata 3 by heat by microwave can be reduced, QiavmJJ^ ^ 

deviceA''oonoemingatherexamplBSOfthlsinvention. and allocates auxSiary coil T near the samptesi^)^ 3^ 

Alsoin1hlsease.Bl^theabove^nentionedexample.thernagneticfiM 

canbechangedbyauxlliarycoifT.therelbrethesamed^astheabove'nientk^ 

mentionedabove,inthenwgnetiGflBldprol8eibfmr^wlthffie^^^ 

T) Orriyvaauumhouslng4rnnerneighbothoodcfthemi^^ 

HeldrequiredfbrECRconmm. and It applies to the sample substrate 3 fi^ there, and is considered as ff^e 
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magn&ticmioFunilbrm magnetic Hux density low^than magnetic Ibjx density 
Therdbre, conveyingthe electron (e') and ion (+) In the plasma generated h the ECR feWto the sample 
9ulfatr3te 3 along with a unifoim line of magnetic Ibme, and mainlining high density plasma, mhHeion f+) had 
hada verScal component, it enters into the sample sut)stralte 3. As a result, maintahing^ingperiomiances, 
such as a high ^ch rate and a high seiecHon ram. en &tshmg oonfigumtion can be made vertical to the sample 
sul)Strate3 and the damage to the sample sulisfrste 3 can t)e reduced. Although the one auxiliary 7) 
was Rmed in the above-mentioned example, on the occasion cf actual use. both the auxiliary ooH JandTmay 
tjeprovided. or two or more either may IjepraiAlad. Thus, when two or more auxiliary coHs are ptwided, ^ 
magnetiofieldprofilecantiechangedniorBrmfymJtherBsultaccu^ 

raised furmr. Although the auxiliary coS 7(orT)was fixmed inside the magnetic coHsSand 6 in the above- 
mentioned exampia, even ffH provides in the outside (however, nei^ibortiood} of the magnetic coils6and6on 
the occasion of actual use. His convenient m any way. Although the auxiliary ooH 7 (or 7) was tornied as an 
auxiliary magnet in the above^nentioned example, even ff it providea a permanent magnet nslead of an auxiliary 
coa on the occasion of actual use, k is convenient in any way. 

^Sfe^ of the InventionJSince the ECR etching device concerning this invention is constituted as described aba^. 
In the magnetic field prnfUe fyrmed with a magnetic coSandanauxXarycoH, only the vacuum housing inner 
neighborhood of a microwave introducing window is made into a magnetic field required for ECR conditions, and 
It applies to a sampte so&sfrate fmm there, and is con^dered as the magneticneldofun^omi magnetic flux 
dens^kmerthan magnetic flux density required for ECR conditions. Therefore, conveying the electron and ton 
in the plasma germdted'm theECftHekSto a sample substrate along with a uniform line of magn^ic force, and 
rrmnalninghigh density plasma. whUe ion had had a verticai component, H enters Mo a sample substrate. As a 
result, maint^ilng etching petforrnances, such as a high ^ rate and a hig^ selection r^ anek^hing 
cpnt^ursfionoanbernadevetlicaitoasampie substrate, and the damage to a sample substrata can be reduced. 



[ASCRIPTION OF DFtAWlfJGS 



[Brief Desert oFthe Drawings} 

n^'l^ti^ diagram showng the outline composllto^ 

TheexplanatoryviewshoMngtherTwignetkineldpmllleh eta 



SBcSon enlarged dfswing showing »i9 etching corrligurationcfth^ 
A'. 

^^^diagramshowlngtheoullinecornpositkxtcfECRemigdevK^ 

&)lsim/&-^, 

^SScdiag,amshowingtheoutlineoornpositk)ninan&^mpfeof»^ 



The &(f^^my viewshovmg the magneSc ^prc^ in ECF? ete/wigcfev*® A, efc. 

vS'^^enlsggeddrawingshowingthe^chingoon^^ 
A 

tDeeaiptionoffMatksPSj 
A'" ECR etching device 
3-^ Sample substreUe (equivalents a sample) 

6 - Magielk; coil (equhralent to a rnagnetic field generating ineans) 

7- Auxilfarycoil(equ(valenttpanawciliBrymagn0t) 
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Abstract of JPI 1P87098 
PROBLEM TO B£ SOLVED: To provfd* « 
' plasnwQfvxMllanr quality by providing* 



meehanism side snd fittW !n 9 plasma 
BeneraQng space, and llnoarly extending the 
plasma generalins space and the magnetic 
memlwr akmg an atljacant surface to a 
plasma processing space. SOLUTfON: A 



generating ^mtwr 21 



25 is provided in a plasmt 
r 21 and fitted In a 



extended with the plasma gensreting spaoe 7Z 
along the m^eiwnt eurfoee of the plasnw 
generaring spa«e 22 and th epiasm a 
prooessing spvce 13. Plural permanent 
nmgneit M and the plasma geftenUng spaces 
Id in parallel wiOi 



the permanent magnets SS 
are provided in Imth tides across the plasma 
generating space 22, four peaks of magnetism 
em (brmed In the periphery Of the piasma 
generaflng spase 22, and flw plasma 
generating space ZZ is famiMi wfih « basin of 
magnetiBm. With this stnioture, etectron is 
seeled KIw a bar in a columnar or baam-Ww 
plasma generating speoe 22, and densHy of 
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(54) PLASMA GENERATING DEVICE 




(S7)AbSlrdCt 



PROBLEM TO BE SOLVH); To provide a plasma of excellent 
qusiOybypmm&igemagnetiGrTiemberpmvfc^ 
mechanism abb ancimedh a plasma generating space, andlhearfy 
I |. &(lenangBiepbsmag&iefaUng^3aoe and the magnetic memb&- 
fu) along an aci^ixnt surface to a plasma processing space. 

SOLUTION: A penrianent magnet 25 is provided in a plasma 
generating chamber 21 side, and fitted ha plasma generaiing space 
22, and Snearfy extended with the plasma generating space 22 along 
the ac^oent suffyae of the plasma generating space 22 and the 
plasma prooesahgr ^)aoe 13. Plural pennanent magr^ 25 and me 
rr^jg plasma generating spaces 22 are altemately arranged in para^ with 
~-f:M each other. Since the pennanent magnets 25 are provided in bath 
_ ISfe sides acrossthe plasma generathg space 22, lour peaks of 
h->:;^'^, .magrpsBsm are fonri^ in the perpheryoFUtep^ma generating 

" .sit^ce^andOiefJasmagenerE^space22is1mned\nMiabasin 
ofma^Te^. \Mthtli^^ni(^iffe, ele<Mnis^edlil^abarina 
columnar or beanhSKe plasma generating space 22, and densfyaf 
f^asma l&r^sed 
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* NOTICES* 

JPO andlNPITarB not responsible for any </amagss caused by the use o^HWs frafisfaflorr. 
1JtHS<SoGumer*hasbeent[ansl^bycompiAm-. So the transkiidn may not reflect the original pm(^^ 
Z»***shomtheymrdwhichGannotbetfan$latBd 
3.ln the drawings, any words are nattranslatBd. 



CLAIMS 



[Oaim IJIt has the ^ mechanism h whicft aX^ched in the 1st medianism in whidi plasma t'eatment space 
was formed, and said 1st mechanism, or it was provided in one with it. and plasma generation space was formed. 
In a plasma gener^ which said plasma generation space acjows said plasma treatment space, and is opening 
forS^ee passage, A plasma generator, wherein it has a magnet mernber which wasprcMded In said2nd 
mechan^sidd and given to said plasma generation space and said plasma generation space and said 
rnagnetkimemberarB prolonged in linearshape along a contactsurf^ with said p^ 
l!agim2]ThaplasrnaganeraloracGordlngtodalrn1 balngw^ 

space and ssHdmagnetkintembers are provided, and those parts or all are mnnlng parallel to. 

{Claim 3fThe plasma generator accon&ig to dahJ 2, whereih saki plasma generation space and said magnetic 

merrOierare Ihe thing for whK^ aH are allocs^ by Ujms m pait 

[Qaim 4JA plasma generator indicated they to be [anyofdakn 1 thni^daim 3 being that by which only 
unreadtive gas is supf^iedto saidpla&na generaSon space/ 



DETAILED DESCRIPTION 



(DGtaHed Desapkm of the IrmrObr^ 
10001] 

P^afihelmentionJThlsinventronrBlatestomeplasmageneralorn^ 

mi and a magn^neld in detail about a suHabte plasma cienerBk)r, when perfyrrrmgemdently plasma 
tre^rrm such as membrane fonnatlon, andashing, hh^precbemanafaduring processes, sudi 
as IC and LCD. 

[Descryytion of the Prior Ar^ a plasma generator used for plasma treatment, such as CVD, efcsfwia a^wig, 
conven^aUy. Since p/asma den^ nms sftorf, A«R/e (magn^ron re^Ah/e ic^ etdrer) ete « was madis to 
geners^ high den^ plasma (HDP) because a ma^rretic field al^ stops plasma h ackMion&felmcMin forme 
plasma gener^ion ofcxily an a!pp/fe</ efcdric fbid. The device which was going to prevent the damage by the 
^^y of the magn^ field which usedtheplanatecoilforJP,3-79025A Alte the statement is alsolmown. 
[OOO^FurthemtorB. In order net to put a processed material to the high dens^plasnta under gener^ directly, 
whHatadudngthedamage to the processed material by Ion. What pulled apart both space in distance me ECR 
(electron cyddtron resonance) which divided plasma space intothe plasma treatment space which mutually 
open ftxfree passsge, and plasma generation space, or the Umg given in JP.4-813Z4A M^af con/&jes high 
densSy plasma in the plasma gweraflon space oonSguous to plasma treatment space Hka ICR (inductive couple 
plasma) in a powerful magneOcHeld. In that turnierTnorBplasrna generation spaoeadloms plasma tr&atnient 
space, although it is the same, what shuts up high density p^smaBKe a thing given in JP.4-290428,A using the 
circulsa'pdsffizaSon elecoomagnetic wawes Imm a rir^ vttenna is fnown. 

[OOO^On the other hand, unHarm supply of plasma from a dKicult thing in single plasma generation spaca wUh 
large^ed^zing<^ processing ctjeds. such as a liquid crystal substrate, and extension of plasma treatment 
space. WhSe aSocsmg tuvo or more plasma genermioh space in JP,8'222399,A like a statement, there are some 
which provide a oonbol valve in each and supply reactant gas and raw gas. In this case, plasma generation 
space is sent in from the place whose magn^ism fyrstopphg plasma is a cylindrical upper-and*)wer-anda side 
whSe being divided into vertical cylindrical space so that an effective area produd may not decrease and 
surrounding eadi sxte vwlft the N^fiequencycaafor^e^iSm, even ifApluraSbHees. 

[P»otiem(s} to be Solved bythelnvention^iowever, although plasma space is divided into plasma generation 
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spaco andpiasma treatment space and a pfasma damage andcharge^preducBcjn are BShle^ m the plasma 
g^/er^C^ofUiese former. If the tfis^rme <a(^asma g&nerstlon space andf^asm t'eatmerg^jaceisnctfTHK^ 
separated, white ionic species wHI be cortMed more than needed. iTboth space adjoins, the gas which Hem 
bacH\flfards from pfasma treatment space to plasma genersSon space wHi increase. Since itwiSbe made to 
decompose and ionize violently by high densSyplasrna and vOldeteriorste in undesira^ such asa 
contaminant, in many cases 9 the ingredient which was genersted by processing of a processed material and 
which should be discharged imm&Melyis also contained in such back wn gas and this goes into plasma 
generation space. S is inccxrvenient 
pXX}6IEven if it pkiralify^izes plasma generatnnspa^ 

pigsrnageneraikn space to plasnm treatment spaoe has been the sarne. If a magnet aremadetointen/ene 
between plasma generation space and plasma treaiment^jace n arderto impress the statK magnetic bias lor 
stopping plasma from the upper and lower sides df plasma generation spaoe and It is going to secure sufficient 
magnetism to high density plasma, processing, mounting, etc of a masfiieffo member wiB became tmublesame. 
pOOTphen, \fl^preveri^effBc^vely the unde^rabh gas sbeam ON n^mplasnta treats 
generation space, it becomes a technical problem to devise the strvcti^ cff^a&na generation ^^aoe, efe 50 that 
moun^ of a magm^ic memtter, etc. be per^^rmed easily. Sis a pfesma gen^or whidi ^ made hi oidw 
mat this inv^i^ may solve such a technic^ problem, and supf^ies goodi^asma - manufacture - S awrs at 
reaS^ an easy thing. 
[0008] 

{Means for SoMng the PfotHemil/^bout the 1st thnr/br the 4th solving mearrs invented in order to solve such a 
technical problem, the compost and operation effect are explained bebw. 

pjOOSSThe tist solvnig means] The 1st mechanism in which plasma treatment space was formed as for a plasma 
generator^ is ma a statement todaknl of the time ofappSoaBon) of the IstsoMng means. In a plasma 
generatorwhich Is provided with the 2nd mechanism in which attached In said Istmechanism, or# was provided 
In one with It, and plasma generation space was fbmied, and said plasma generattoh space adjoins said plasma 
treatment sf^, and is opening fbrfree passage, n had a magnetic member wh«^ 
media/7/sm side arrd^mi to said plasma generation spaoe. and said plasma generaHon space and said 
magnetic mamber are prolonged in linear shape along a corftadtaurfyce wUh said plasma treatment space. 
l0010]Here. wfraf was lomied cfadc energisation coH besides a permanern magnet cone^ooTds to ffie abo\^ 
met^iemed ynagnetic member. " 

[001l]lfHisina plasma generator of such 1st solving means, By maintaining conditions of separation cf plasma 
space, and a corn^uityfiiee passage, it has responded to a Hjndamentairequed called a plasma damage, 
reduction of the charge up, andra^rationalizalion wUh an ingredient of radical speolea and an ingredient ofionia 
specks in plasma. 

pmiS^And since a magnetic membergiven to plasma generation space is provided along both contact surfaces 

wilhplasnw treatment space by the sarne 2nd rnechartlsm side as plasma generation 

strengthening of magnetism is attained. Only a part by which a cros^^ection area of plasma generation space 

iself(alonga1ieepassageaonlactsurl^andalsoitsllBldwmplasmatreatnfentspa^ 

least by a magnetic member becomes sntaSerthan that of plasma treatment space inevitably. Thus, when area 

of both space has a dmrence, a ratio of area of a free passage contadt surface and a cross-section area of 

plasma tiemnert space in alignm&it vMitt»swifibe made inothelst ratio, a raSo of area a free passage 

ccxTtact surface and a aoss-sec^ area of plasma genertiton space In alignment wmthiswSlbe made into the 

2nd and ffje 7sf ralSo wS/ Jbe ifess man one, and* v^be sma^man We 2nd rafo, 

{0013]ArKl wfien the1^ ratio is less than one, gas woftjme which flaws into f^asma general ^pac© frw 

ptesiTja ^^nent ^ce deceases. On the other hand, when the 2nd rafi© is 1, gas vdume vi^th fiam oA of 

plasma generation space into plasma treatment space ctoes not decrease. If the 2nd ratio is laigerthan the 1st 

rafc even ffthe 2nd ratio Isa case Wh&e the amount ofef^uentgas ctecreases bylessthan Of?a, a grade of 

reduction wSI be small and wig end. Anyway, a direction ofarateofgas vOvch fkiws out of plasma generation 

spaoehtopbsma treatment spaoe relatively ratherthan a rale of gas which ffows hto plasma generation space 

from plasma treatment ^aace becomeshigh. Since the gas wHI be promptly tai<en out to plasma treatment space 

vmf^asrna^fwevenwhenankOawtoptosnmgenw^^^iacGafand 

by th^bt^ gas goes kitop^srna generation ^jace. Gas ds^erioraffon by his^d 

andconiroBed. 
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P014yur&}errnore-^vm[ca^yhgmitSiear^K^mffttsca^, aKhoughamagneecmerr^lsgeneraBymad9 
fsckuigin fxocessabilityj - b^orehand - compar^fefy - manu^cture - since processkig qperafibr? can be 
mans^v^^msJong an^sycyb'ncbK^ffnng. and ckxHjOug and ciMig oily fengffj, mam^stc^afamagneec 
member etc. becarr^ easy, Svrce a magn^ m&n^mis provkJed in tfie same 2nd medianism side as plasma 
generation jpace arK/ the necessiy & hserting in f^e^a general ^ce andf^asma treatment space is lost, 
mak^enanoe sen/ices, such as an anwig^nent dfesgw, nraortlsTg woi1<, a fyrftier next parts r^^acement, also 
t}eoome easy. 

pjOISipher^ore - accordhig to this hvenSon. His a plasma generator wto^ sugoto^ goodf^asma - manuladuie 
-^easyUw^isreaSzabie, 

poi^Thepnds^wngmeansJHisaf^a&nagviwatorcfUie 1st ^xf\/e-m&TtlaTBd ^jMng memis, twoormcm 
said /^emmgenemSon^ljace and said rna^T^rn^nb&ss^prwIc^ and Uk^ parts or aS are mnnmg 
par^to a plasma gen&ator^is a siaiement to (^avn 2 of the fime cfam^Ka^) cfthe 2nd s(M}g means. 
px>17pfitisiiaf^e^fmgen&^cfauoh2rKisofvmgmesm, an areacfdslnbutiont^plasma generation space 
^freadsli<ma»ietoanBkJtvty^orinofepk^&riager^rgim 

rnernberAndsinceitcenbernadetosiaea^siiceltbecomespt^sbleto&tt^ffiearBaw^^ 
incraasmg the number cfoKVung togeOiereiven ffpmcesshg ot^ec^ sticA as a substrate, large-^ged^ze, S 

e>fcete ff? extencWSy. 

^1BJTtml3fds(M^rnaans]Afila^na^rera(tor(kte^a^efn&Pit^ cf 
tiieSnJscMng means is a plasma generator cf the ^ above-mentioned sdving means. &idsaidf^asma 
g&ierati(») space and sa«/ magn^ member are cheaaOerized by the thing [ thsi aff are ^located by turns in 
parti 

pXJWJIf^ is in a f^sma g&Terator<^such 3rd sohmg means, ^ice a magnet m&nber is shared by 

n&glibormg plasma gen&aiion space and ibecoTKS possible to pti plasma genm:^^ 

)^l^eifeti^uaBafarnagne^rTrerTiberisn^de,1l&dbiStytor^ 

space ^jhiprwes, TTiefeby, n)ot9T^andmanubahffBv\4B become S& easier. 

pX)20^ffie 4ffi soMng means] - a plasma generator of Oie 4th soh/hg /neans -(-the Um af^ppSoelSon - bevig 
aoca^to dair) 4 needs-) -^isthe s^xive^rm&oned l3t-a plasma generatorofthe Srdaohaigme^ 
andor^iMve^^gastssuf^iedtos^f^smag&ieraticmspace 

[0021]lflt is in a f^sma generator ofsucii 4J/7 solvkig rr^ans, Only tmr^dt^e gas whkdi does not det&iorale 
unde^t^even 9 it is useMtorgas for plasma s^genersiffigc^ high densfy plasma and becomes ft^gfft cfens^K 
f^asma v\^be used, and readara gas required for sn e^ing process be supf^ied to plasma treatment ^yace, 
w^iout pas^ f^asma generation ^pace. It can prevent certaanly mat reactant gas goes into plasma germal^ 
space ca^iMfy by this cfgss ^ream OW from friasma treatnent space mentioned abQ¥e to 

f^asma gen^etkm space. Then, since deU'Vkjiailkjn ofreadtantgase^ isoontroMeven ffffgenerat^ in large 
queffm^whgeraskigpla8n7adBnagynjrtherfneede(ihighertpja^ 
casevi^Krereac^g^SLppfybperfomKdmi^asrna^}eraiSonq3ace, 
PX3233 

l&riiodknertafthelnveritkjiyGenerallymptesm^ 
^iised,e(p4)f^apropm'vacumir:fiambenJtmBtore.eachnteGh 

v^ic^ plasma tPB^tment space is fomied, andV^e^rr^^anm^ 'mvihitihplasrnag&nera^^iBce isfcmned, 
Frmivieifl^xMs of airrnngeA balance crease, as hduson into and&ienecessfylix'a 
degree of vacuum. After fcmr^s^xa^^. nisattaoieainmanycase^ butitsUcla, fa^example, andalthough 
fixed in nmry cases, it rr^ be formed In one by processing k, amerrdjer.tor&carrv^, acfadplate, orsamelaBJ 
said^ngle. 
lUOZ:)] 

l^xampieJAboutthe 1st examf^ of the plasma generatorafttriskimi»)n, acbmnmgbquctedandtheooncr^ 
Gcmpi^s^ is exf^^ned (a) af^amigJJs ffie top wfew. 
(b) k <Aewng ofk)ngibxSnal secSon 

CkaiiwKj2i sa vertros^ section p&'^jectlve viisiv of tfie dpcuml&ence afUie pkema gener^hn dianAer. 
Qgnssg^iswi&i^rgedckax^dngaboi^O^ 

fOQ24IThispls^ma gervr^coT^arises the Istmechar^ism tor sectat^ plasma tre^mer^^jaoe, Hhe 2nd 
m^shwvsmtor:xcxjsmgpl&sn^g&iersi^ s^aniwression<^vultf^torsr}pres:^ 
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an etec*fc field or a magn&k^ fiisfcf to each plasma m generaf. In order to jorooeOT the pmoessed materal 1 df 
squjaffBsh^s, siK^ as a Ikfuidcry^l substrate, asfix-bo^the MmeOisaiismmiffjeBndme^isnmi, the 
Dnndoal part is mostly formed in rectanairiarfofm (/eferfo drawha 1 ta)). 

[CX}2S}7he ptesf77a P^tmerrt 5pace 73 forlow~temperat(^ plasma 10 is tbrmed in ffie place where the metal 
caiftoete parts 12 to wtMi the insulatkxi process afOie surface wms carried out in c^that the mefa/ 
anoc^pait 11 might be mengedip and rr^**^tt]e processed materials 1, sucfiasaSqukJ<^ys^subs&tte, 
have been arranged caudad at, andthe 1^me<^savsm was kissed into ^ese. WhUe ntanyar^erconnectir^ 
(:vyenings14penetr^edt}ef[^arKland0te&mdBpart11 was punc^ied, the raw gas feed hopper 1 5 whidi 
oamedoutffie openhg towanis the plasma treatnet^ space 13 was sdso fonneci (refer to dravi^ 1 (b) - \^r^ 
aefiion of ^130^311^. InthisexampfB, ilisO.(35, theraSOiie., Istratio. cf»ie cross sectional area of ttte 
hteraxmec^ig opening 14, and the ^r^othm cross secSon^maao^ Thethmg 
etc v^tdi made reacAa^ gas, stx^ as system and ^anefpas, rmiop^rmjmdosecfMksn^sasraw 
gas B supf^ to the plasma treatment ^pace 13viaUie raw gas fyed h<H>per 15 are si^plied. 
pXiZ^As /brfte 2(Ki mechanism, the plasma genera&m chamber 21 rrtade from hsidathg meder^s, such as 
cenanncs, serves as a sutiject 

Two (xmore ^ight gashes (drawing 1 fa) sev&i pfecesj used as <fte pfesma ^ners^ space 22 enslave Utis 
plasma generation diamb&- 21 inparaM, and are been [stra^ga^s/i J crowded and tmned in 
Thereby, the plasma general ^saoe 22i3a linesa'shape thing. Arxl the plasma generation chamber21 is fixed 
v\^are the op&ikrg &de (drawing cfkxi^^atai section undersuface) cfthe ptesma gen&s^ ^>ace 22 is studt 
tofheuppersurfaceoftheanodepartll. Inthatcase, aBcpvnerribmadesothstmeqsenhgofVief^esma 
generalivi^3ace22 may lap w»i the iraerconnectingq^ning 14 of tfje anode part 11. This becomes \a^s^ the 
plasma generation space 22 and the plasma treatment spac& 13 a(^ned mutual^, and was open for free 
passage, andthe plasrnagBnera&x^^iaoe22becomeswhaltwaspr^ 

surface vmUieplawna treatment ^jaoe ISAitther, Inffusexarrvsle, itsCiS, thera^Le., 2ndraBo, t^Siecnoss 

a^:Sonat&mof^ektaoonnedtir^opef^14,Bndtt^cr^ 

The value ofiheserBtfos may betted changed, un^siier^a^ Is reversed. 

(00273AS tor Vie plamia gyration chamb&- 21, ^e gas feeding route 23 fdrpbsma is too ftwiwt/*i ftwar 

^igpe cfthe gas distribi^ member 21 a of the pfasma generation ^ce 22 furffter^died H the badi 

(dmvmg afkxi^tudinalsecSon upp^p^), Bdh ans (^nedfbrlree passage bymany^dBfK^ andthe 

plasma generation space 22 generates the h^ density f^asma 20 h response to supf^ of the gas A f(xrpiasma 

generations trom a pars ftasiiSaris ossfe occpfaffs (dramng of longitudinal secffcn uf^jerpggt), and is senang i 

into the f^smabvahnent space 13 wa ffie interconnecting opening 14. \Miat does not cany out a ohemical 

■/eacffev? vMift Uie inertness (Jargon etc. is used for the gas A forf^asma genera^ons. 

pJ02S^As the plasma gener&tion charr^21 leaves Uie side altachmei^ waB and pars basHaris ossis occfl3*a//s 

surrounding the plasina generation apace 22, the field (drawing aflongltudihalsectidn upper surface) of the 

reversed by the sktecf plasma geneiBtkin space 22 opening Is shaved off. 

(method of drawIhg-oNongitudinal-sectkjnl^lakashita^ and the permanent magnet Z$ (method of 

drawhgcf-longitudlnal-seclion l^akagami) afanolhersMe are stuned there in pSas in order. Eachpemianent 
magnet25iscylindrkalandiscuttiythealmostsarnalengthasthepfasrnagener3tfon 
drawing 1 (a)). In orderto face across all the plasma generation space 22wShthecoil 24 andthepemnanent 
magnet 25, the permanent magn^ 25 and the coH 24 of a couple are added also to the paries lateralis ortMtae of 
the plasma generT^ space 22 located in both ends. Thereby, the niagnetic member 25 is fanned hi the 2nd 
mechanism side, is given to the plasma gener^ion space 22, and has become what was prolonged h linear 
shape along the contact surface of the plasrrm gener^ space 22 and the plasma treatment space 13 with the 
plasma gen&rsi^ space 2Z And the pernisnerri magnet 25 ofplur^ (mide of a figure eight pairs) and the 
p^sma generaScai ipace 22 cff^ralSy (»iskle of a HgRjre seven phoes) are allocated by turns altogether, said 
are ninning paraltel tobytlw parallel cond^. 

[(mQJThe hei^ »/jfc/i added the coil 24 to the oouf^ is ^most equal to it of the plasma generation space 22, 
and the pemianent magn^ 25 is carried out, and it is made suitable ( a magnetic pole J in the plasma generation 
space 22 direct of horizontal (refer to vertical section of OmihQ^. If it explains in full detail, since the Snes of 
magietH^Sux 26 me permanent rnagnetl^ofmenKffiod of ngtaeNsO^garrw 
half in ""^return beside the opposltB handh a Hgure through the nei^oihood cfthe oaS 24, theycando 
mostly the mountain of the magnetism of the pennanentrnagnet 25 of the m&h^ 
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m&kes a lower end a summit mosiy. The moufifaw? of me almod same magnetism is made also m the f^ace of 
Oie tpper bed cf Uie penvaner^ magnet 25 cfthe me^od aftfgure A/afcasftte. Since the permamrit magnet 25 is 
aOsiched to bo^ sides a<^oss the f^asma generatton space 22, foiff- magnetic mountains are made to 
suiToundmgs cfthe pia^na generation space 22. So. if it was suroynctecf fcy the magnetic mountain and «aj«f, a 
magnetb basin ww? be made in ffie plasma general apaoe 22. And an elecfron Mfflff be csojght h&e. Miou^ 
explaffiedffithe^yleofapoter^^ld, since it is a veoior^^ in praditx, it states (xxr^t^, itviOlbeoome 
complicated, bid in short as the v\^ide, an dectnjn is (^SndricaBy steyoiped in ihe plasma general sgosce 22 of 
piHag--shap&S and the ^ape of a beam. It is pos^^ to maka Uie mountah cf four magnetic surroundhg ffie 
secfew of the plasma aenersHon (referfo dtavwyw 4? aoace 22 afeo bvanandnam the iMJperandlovi/ersdes of 
thecoB24theperrnanentmaiy}^hwhiatOiemaipetcpolebe(^nmi^ Thefy/merissuit^^ 
^d&^lkxSoricff^sm^&rdVielsi^issiMt^toroqu^ 

di^ay was omHted, it may be made to stmoundh ffie mountsm of five or more magne^n. 
l!0030]Anbripre$^ circuit part is dfi^dedi^ the Islkr^s^circuH censing on RF power 31. andffieZnd 
impression chxJit centering on RF powers F!F power 31 is a thing variable h the output power. 
Wh^ oTtfxess'mg an attem^ingeledrkiftefdbelwe&i^grom^d anode parts, in adertosdso^nerstebias 
voUa^, the ou^wrf is fed into the cathode part 12 via a bkxMig capat^or. 

A thing wSh a fiequency cfSOO kHz - 2 MHz is well usedforthis. Thereby, the 1st Hrv^s^ (AtxM is irrpressuig 
a certah electric field vi^idi carries out gracte contrSatMn to stpen^therwig of the fovi^4enveratureplasn}a 10 in 
the piasma treatment space 13 
[CmiJRF power 32 Is a tNr^ variable hou^powertoa 

BothUiecolls24that1aceaaaBsiheplasrriagenefaltionspace22arBdriv^ and alternating tield am impressed 
tothepfasnmgenersSon^jaoB22. 

Themaxknum ot^utpawer^sabeleageandthe fivt^KnoyshaSbe 13 MHz- lOO^^hrnarfyoasas. 
Thereby »}e 2nd hpr^onoircui is 6r^ssing the rmyi^Sekiw^^ 
s^n0mkigcrfUiehighden^plasnia2Otothepla^agenera&jn^3ace22. 

[Obs^AbcKit the plasma genersOorcf mis example, a dravrng is quoted and ^atoper^ig mode and opera»X7 
aw &(plained. Ckm^S is a ^ecffona/ vfewsfmmigme nnurting ^ate to a vacuum dhamber. 
j!0033]ln advance of use, the cathode part 12 of a plasma g&t&rstoris Installed in the center c^the bc»(-^e 
vacuum chwT}t>erbotfypart2 virfvch ff?e tcp r^a^. The vacuum chamtier body part 2 is attadied in the upper 
part so th^ qjening and doshg cfthe vaanm chmr^ier covering device 3 are poss^e, Vie vari^^ val\^ 4 fyr 
vacumj pressure corM is made piat^ t)^ween a pars ba^laris ossis oo^Halls or a Hank, and the vacuum 
punrps 5, sudi as a Ujrtme pump, are conr^cted. The plasma generation chamt>er 21 and the anode part 11 ate 
aUached, thevaajujmdiarr^erbodypagtZcan^bewater'GoolBd, andifthisisshut, the hsicte and also the 
plasfnatrealrrientspaoe13,andthepfasmagenerBllkjnspace22cftheve^^ 

be sesied Andifslvv^ofthe gas A ferp/asma ffiroughthegasfcet&igroute ZSfyrphmta, si^^afrawgas B 
which pessestha raw gas1eedhopp&' 15 hgi^, etc aresiaaUystsfftedwf^op^ra^thevaaKmtpurrpS, 
preparaiSon of the pfesma treatmetn to the proc^sed ma^erisg 1 "^©cj? cw the t^thode part 12wlSbe corr^ed. 
[0034JN&(t, whan fiFpower32 is operated, RFele(Aonrias^teticfi^a/eh9)rMSBd}^Viec(a24hUi9p^sma 
generaUon^(^22, andVieelecmjnafthegasAftx^pk^rnaisrnadetoexerdsBvialBriay.AtS^ StSes 
about, ^of^mg at the plasma gener^n ^jace 22 for a long andcarTwigout9:rewm(M)n cfthe inskte of 
oyMlcal^3a(x by wori< of the magn^c^S by Uie permanent magnet piece 25, and an eledronexx^the 
gas A foTf^a^na. In this way, since many things ofthendfess man 10-15^Vhi^ energy which contrUwtes to 
Kmiospecies generatkyi gre^arecoraained m the efedrni conOwdki me plasma genera&jn space 22, the 
hig^ ctensfyf^asma 20 has a ratio of an ionio-^peaesins^BtMeriNgh aflhot^ the high dens^ plasma 20 occws. 
And as forthe h^ den^ plasma 20 which &(pandedki me r^asma generation space 22, e^iedaffy me racScal 
specfes and an ionio-species ingredient are pnampOy cmiedto me plasma treabv&Tt space 13 by &(pansion 
pressure power. 

pXfS^lfRF power 31 is operated, an RF electric Seldwill be impressed also to the plasma treatment space 13via 
th9anodepart11andmecafhodepsrt12ltbecortresthelowtemperBturBplasn)a.10v^^ 
d&r^plasnaev&}frTawga$Betc.eraexciedsncemerBisnomagn^<^^ 
l^rei&nosmeraarefewelectnonsinwaiKhthekj^^ 

ontyh me case of me power fnm RF power 31, merSSo of a rxBc^hspea^ mgrecSent becomes hig^, But^Ke 
me^bove<n&ifidnedh^defi$ityf^asrna20^rnixedhthecaseofthek^ lOmtfus 
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device, Uie rsim of a eK:Uialradtaf-^:}ecfesHTgrscBert9nd ionk?-spedes ingredient tmis ir^o ratio in the 
midtmafboth. 

SOOm}AjvjVUieou^cfRFpower32iSfm^tora^, the not less than 10-15~eVeledronstnth9f^asna 
generanon ^pace 22 will inwe9Se in number. And the generated amcxM cfthe hi^ den^f^a&na 20 inaeases. 
ThersitecfSffiioniQh^e(:^sh^ecSentGanpi^upthek>w4wTpersi ioesamsiM<:^themixhg. On 

^otherhBnd, ffitK(M^ofRFpaiNer32isbrou^dawn, Oienotl^than lO-lS-eVdec^vnsinthepiasma 
genetBSon space 22 vvilf decrease in number. And the geneislBdamou^ 
decreases. As1ixthekM^empersiui9 plasma 10, the 
the mixing. 

po^TptisasfOkwsvihenaimoiXpUt^ whSemakhg the output of RF power 

31 /afsa Fkst, by the ou^rise of power 31, ffie ^ecton density h Vie f^asmaPeeOnmrt space 13 st^ to 
thef^d^^^htgh energyskle, andUiekM^i&riperatirefJa^namUieiMsma^atfnera$pa(X 13 
hcreases. Although ffieracSc^ccmcentatlon there goes up tiyffjis, slight iornc ra^ also increases 
samiSaneously. l>text, by the output domi of f^pawfier 32, the efec^vnden^h the plasma ge^ 
22 shuts to ^kywc^nslty and lew energy^, mdthehis^den^f^asma in thepksma generatic^ space 22 
deceases for a whSe. AHhou^ radical conoantrBtipn there andioruc fafc M by this, since these is[ffie high 
en^gymgret^ent J large fiomUie first, evenlfitisaBttleoutpiAdowns. ionic ratio fi^sg/^a^y. And ^SUCf}hi^ 
den^pla^a 20ismixedbythelow-temperatufBf^asma 10 ki the plasma tre^mentspac^ 13, whHeUie 
change in ionic raffo is off^ in general, radices oonc&fOra^ wtt increase. That is, f^asma COTKentrs^ car} puB 

the law-temperatufe plasma 10, wOhoutffteratioofaracBcal-^jeciesHrf^ef^eritarKlank^ 
mgtedient seldom Changing. SMarly. rfanoppo^dire(iSon^rr^togotJ$>wid<S()^ 
31 and 32, the f^ama concentration of ma low^empeiBtufe plasm 10 wis be reduced 
[OOSe^n ^ vmy ffie rem cf a rarScslspeaes 'mgrefSarjIt and an kmh-^ieaes kigreMt oor^kiues broaOy easfy, 
and variable Q(x^ of ffvlawfiiefnperalureplasrTm 10 la canted out. m this device, theaossMlonaieaafthe 
f^aisnfiageneraSon^j^22lssrns^^raffterffianthecfoss-se<ikxjarea^1hephisn^ 
Sincethe 1st rs^ is nKtrenearfy&^raordhar^lVian the 2nd ratio} sm^, ^ h^ densfypla&ria 20ls 
fxomp^ sent out from the plasma g&nersiion ^jaoe 22 to the plasma freatnent space 13, and also Fin^ ofeHI, 
since Iftere is Me gas volume wf7(C/? flows feac^tvrartte and erOers from Ifte plasma treatment space 13 to the 
f^asma gen&a^n ^>ace 22, raw gas B is (^ecfyeiedted by ^ high density r^asma 20, and most of 
ctec«77pos(6wfT and tf»e thing of ior^ing /s lodt urrS M Is tmde^fat^. 

pxmjByvvhsA 8 sets of permanern magnets 25and^coS24 <*ft/ch carried out isomorphism are aikichedto 
thepla^a generatior} spaoe 22, and is anwtgedki the meantine and both the sides, simple - thef^asma 
gerwration space 22, vwPife there are few magnetic menU)ers about a moi^and they end raUierUian 14 sefe 
needed y\Aimtheperrrmn9ntnmgn0t 25 graxle has been arranged on eadh of bo^sk^ Sinoettmhi^den^ 
filasma^Xdl^rSn^^ to ttie plasma treatment ^jace ISdrect^t^Jwform wMinntyatKlissi^jpliedtoit, 
nianul^urecf^iiat^fdasntag&ieratrandpl^mati^BB^^ 

redangdarsi^)Stiate^c. becomeseasy, and, kfackShntotrnpre^redeBicienqy, Scan contribute also to a co^ 
reduce by exten^on. 

[004CTfhe 2nd example of^ plasma aenerStorofViis OTvenfibn wM^ showed ckawino 6 the byi view is 
descrSjed. That^isdiffwentfiomthe Istexarrv^ffjattf^men^onedalXMe is the point ffiat the plasma 
^neraition chamber 21 gracfe is fonnedin cSso-like, ^ a point v\^ich the lencfih of the i^asma genersdion space 
22 CHTpennanernmagn^ 2S grade is misshg /Jtww an endfiom a center in connection wffi this, and is short, ii 
ordertocanyoiApla&Tia ireatinent of Uie round wafer^lC. 

pXMIJIn thiscB^, though each magn^ member 25 is n(ine<xssaritycorrmninal^ed tiiotoughty, since 
processing is cxxnplefedby cutting suSabty from b&ng commima^ed exrxfA len0i so that tengffi may suS, 
re^jec^ivety, the ease of processing and mani^actura is meuntained, v\rithout tjeing lost. The advantage which 
described the Id examf^ is ^cured aboiM oOiwpoirts. 

IP042phe 3rd exarr^ cfthe pfasrrta generator K^ffus invent whk^ ^lowed t^smtQ 7 me tap vxw is 

descii)ed. That t^<i/lererHfiiJin me l^KtexafTV^^i^^^ nien&oried above is fftepokit 

generaSbn dtanber21 grades are 3 sets 6om wNdi every 120 degnaea of<&9Gtion rMarafaMoceted Oungs. 

p0043pnttitecasB,arotmdshepe(^benmdetoSuXb^t«rfhanthetfTk^ 

rrK^advmitagesrri&riBoriedabamaixaAthe1st&<ar(^i^ 

me sarne~*****^~ shoe the stMf^usrrrait^vM^ comes oit 
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length su^t^so thatlen^ msysia, /esgoeoUfve^ is shoi^ mem f$ siso an acA/arHtasie ^ the fiMfyafa 

mogiTe^meirajerckcpeases, 

IP044] 

{ESiect of Vie inventionJIfS is in the f^asma generstarcfUie 1st aoAwTff means of this mver(S(^ «? Ui&t d^ariy *Dm 
ffie atxive exf^anaSon, By ha\4ng carr^ otM as [ comfc3ftei)fy/wh^ the ^ape cf plasma general ^pace and 
a magnet menOier and airangement are d&nsedand^ area natfo off^a^a generation space andf^tsma 
tpe!s^Tient^>a(^(^&Tges/pmoes&ngandm(xintmgofani^^ itisaplasmagenepabxwhfc^ 
prevents ffiehllcwcf&ie gas fiomplasnra tte^ment^iace to plasma genersdi<m ^ce, andsi^f^sgcxxi 
plasma - manufac^jre - Uiere is an ^Jvantageous effect niat the easy thhg was at^ to t>e f^ied. 
[004^ffi is in »ie plasma genersitor of me 2nd serving means of^ invent, the adv&tageous eflect that the 
conlbnvfyand&ctendSsafyto l&ge-^ed-img wen? ab/e to be r^sed^ done so byhawig enal^^to &^end 
thedi^ribuSonskhcfpk^magerms^on^jacew^^ 
{004^ it is in the plasma generator of the 3tdsolmgn)^^ 
magneSsm&nber, m^ is an adifanlageous effect Uiatmotm^arKimanijfyc^ 
easier, byha\^carrhdoutas{be/ptA!Sngfilasmag&n&9^ 

[0047Jlfitisinthepla^na generator oFffie4fftsaMngmesffis(jF9»s invention, ^ advantageous e^th^ 
higher quaSty plasma canbeprovidGancwIs done so by mactant gas having been made not to be put to high 
den^f^sma diedly. 
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IBiefDescrvJtion of the Drawings] 

fPrswina IJA boutthe Istexampleoftheplasmagenerabjrofthisinvention. (a) is a top view. and(b)isdmwingof 
lonsptudinal section. 

(Dfawina 2m is a vertical section perspecth/e view of the drcumference of the plasma generBtion spaoe. 
IDrawlnqSll i is an enlarged dfaw^ about the Plasma 
n^rawham isamodlfloatlonaramaaneeccKaa. 
n^raM/haS ltisasecSoneiviBwshaiimgmemiOLU^^ 

fOrawlnaeiA bout the 2nd example ofihe plasma generatorofth^ invention, it is the top view. 
IDrawina TiA tout me 3W &(anmte cfttK plasma qenastoraflhis invwiBan. i is the too i/feiv. 
[DesayitioncfNotedkm^ 

1 f^rocessed me^enal 

2 Vacuum chamber body psat 

3 Vs^^uum chamber cov&hg device 
4Varia^valve 
SVacutMnpmtp 

10 LcMfi4m9)ersUim plasma 

11Modefmt(&te Istmecharasmjthe Istinvxassionwaa) 

12 C^rxxfe parf ffhe Istmech&^m; me Istlnvmssion dcui^ 

I^Rasmabeatrr^ spaoe 

14M^corvtedtingoperwg 

ISf^twgasfeedtK^jper 

20 dens^l^asma 

21 Plasma genera&on <^amt}er (me 2nd mechanism) 
21a Gasdisbibi^ member 0ie 2nd me<^iar^} 

22 l^asma generation ^>ace 

23 The gas feeding nMte for plasma 

24 Cos (me2ndin{»esmn dra^ 

25 Pemnanentma^Tet (magnstic memberiix-ma^ie6c drcuts) 

26 Unes c^magnetki ffux (magneUc cmnt^ 
31 RF power amelstimpreasiai^rcu^ 
32 power erne 2nd oi^ssKy? c*cu*; 
Aargongas{unfeaativegas,gastbrfJasmaproduGGon) 
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